Bulk and grain density, porosity, and magnetic susceptibility of 67 individuals of Košice H chondrite fall were measured. The mean bulk and grain densities were determined to be 
Introduction
In this study, we tested homogeneity of the recovered Košice meteorites through measurement of their bulk and grain density, porosity, and magnetic susceptibility. The meteoroid entered the Earth's atmosphere on February 28, 2010 over Slovakia and caused an exceptionally bright fireball with corresponding sonic booms. Most of the Košice meteorite samples used in our analyses were recovered North-West of Košice city, Eastern Slovakia within 4 weeks of the actual fall. The meteorite fall and its recovery are described in detail by Borovička et al. (2013) and Tóth et al. (2014) . Mineralogical analyses of the meteorite classifying it as H5 chondrite can be found in Ozdín et al. (2014) .
Based on the fragment distribution and fragmentation modelling Košice meteoroid (Gritsevich et al., 2014) may have been composed of two individual bodies.
The data presented in this manuscript are unique in the sense that the measurements were done systematically on a large number (67 samples) of freshly recovered individuals of the same shower, with known heliocentric orbit. The extent of our data set significantly exceeds the number of fragments which underwent conventional chemical and mineralogical analyses and allow us to test the homogeneity of the Košice meteoroid.
Material and methods
Density and porosity data were obtained using a mobile laboratory described in Kohout et al. (2008) . Bulk volume was determined using a modified Archimedean method (Consolmagno and Britt, 1998; Macke et al., 2010) incorporating glass beads ~ 0.3 mm in diameter. Ten sets of measurements per sample were done and each sample was measured independently by at least two persons. The method was thoroughly tested and calibrated prior the measurements using volume standards and the resolution and precision was determined to be ± 0.1 cm 3 . Grain volumes of the meteorites were measured using a Quantachrome Ultrapyc 1200e Helium pycnometer. The resolution and precision of this device is better than ±0.01 cm 3 . The relative error of both volumetric methods increases with decreasing sample size. However, compared to bulk volume, the grain volume is determined with ten times higher resolution and precision. Masses were determined using a digital OHAUS Navigator and OHAUS Scout scales with 0.1 g and 0.01 g resolution and precision, respectively. Balances were calibrated prior the measurements using internal calibration procedure (OHAUS Navigator) or mass standards (OHAUS Scout).
Magnetic susceptibility of samples smaller than 2.5 cm was measured using a ZH instruments SM-100 susceptibility meter frequency range of 0.5-8 kHz and 10-320 A/m RMS field amplitude. A frequency of 1 kHz and field amplitude of 320 A/m were used for routine measurements. Two samples were tested for frequency and field amplitude dependence using the same instrument. The frequency and field ranges were crosscalibrated using a ferrite standard prior to the measurements. For larger samples, a
Hämäläinen TH-1 portable susceptibility meter with a large 12 cm coil was used.
Cite as: Kohout et al. 2014 . Planetary and Space Science, 93-94, 96-100. DOI: 10.1016 /j.pss.2014 Susceptibility of the samples was measured three times along three perpendicular directions. Subsequently, a logarithm of the apparent magnetic susceptibility (in 10 -9 m 3 /kg) was calculated as described in Rochette et al. (2003) and can be used as a proxy for a concentration of the metallic iron (Rochette et al., 2003) . Relative error in the determined value of the magnetic susceptibility logarithm is below 3%. For samples with bulk volume information available a true susceptibility was also calculated using an ellipsoid shape correction after Osborn (1945) .
For density, porosity, and susceptibility statistical calculations, only samples larger than 5 g were considered.
Results

Density and porosity of the Košice meteorites
The results of the density and porosity measurements of the Košice meteorites are summarized in Table 1 . The bulk density of individual pieces ranges from 3.15 to The porosity of the individual pieces ranges from 4.2 to 16.1% with the mean value of 9.88 % s.d. 3.01% which is slightly higher compared to other H chondrites (falls average, 7.0% s.d. 4.90%) reported in Consolmagno et al. (2008) , closer to the value of 9.4% s.d.
0.5% in updated study by Macke (2010) .
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Smaller samples show higher density and porosity scatter ( Figs. 1 and 2 ). This is most likely a combination of higher relative uncertainty in the measured values of smaller samples as described above and increasing inhomogeneity of the material at smaller scales. In general, the larger samples have lower porosities compared to smaller ones.
This can be explained by their origin through fragmentation of parent meteoroid upon atmospheric entry. Looser, more porous parts of the parent meteoroid tend to fragment progressively into more numerous smaller fragments, while more coherent, less porous parts of the parent meteoroid are more resistant to fragmentation, producing larger fragments. However, in order to get deeper insight into the mechanism behind porosity vs.
meteorite size trend, future systematic research of other meteorite showers is needed.
Magnetic susceptibility of the Košice meteorites
It has been reported previously that various meteorite types can be distinguished from their magnetic susceptibility (e.g. Kukkonen and Pesonen, 1983; Terho et al. 1993a Terho et al. , 1993b Rochette et al., 2003; Smith et al., 2006; Kohout et al., 2008) and thus can be used as a compositional homogeneity indicator of a meteorite shower (Consolmagno et al., 2006; Kohout et al., 2010) . The results of the susceptibility measurements done on the Košice meteorites are summarized in Table 1 (Fig. 3) . There is only a slight increasing trend observed in susceptibility with increasing mass. However, the low and high mass values are represented by only a few samples and thus reliability of this trend is questionable. Similarly, as with density values, smaller samples show slightly higher susceptibility scatter, most likely due to
Cite as: Kohout et al. 2014 . Planetary and Space Science, 93-94, 96-100. DOI: 10.1016 /j.pss.2014 6/18 inhomogeneity in composition and iron distribution at smaller scales. No correlation was observed between magnetic susceptibility and grain density (Fig. 4) .
The test for frequency and field dependence of magnetic susceptibility showed different results for the two tested samples (no. 1 and 2). In meteorite no. 1, there was almost 30%
susceptibility decrease between 0.5 and 1 kHz measurement frequencies and 10% susceptibility increase between 10 and 320 A/m measurement fields. However, the same measurements resulted in susceptibility changes below 5% for meteorite no. 2. Thus, it seems the grain size of magnetic minerals is not uniform in these two samples. The enhanced frequency dependence in sample no.1 can be interpreted as enhancement in concentration of metal nanoparticles in superparamagnetic state. The field dependence can be interpreted as contribution of large multidomain grains.
Discussion
Due to our non-destructive measurement technique it was possible to determine the physical properties of 67 individual Košice meteorites. This gives us a unique opportunity to test the homogeneity of the recovered meteorite material and the Košice parent meteoroid. Because conventional mineralogical and chemical analyses are destructive, these data are available only from 8 individuals of the Košice shower (Ozdín et al., 2014) .
Observed similarity, particularly in grain density and magnetic susceptibility, among analyzed samples and other unanalyzed Košice individual pieces gives us confidence to conclude that the Košice shower and its parent meteoroid seems to be homogeneous down to ~ g scale without evidence of presence of non-H fraction. If the Košice meteoroid was composed of two individual bodies as suggested by Gritsevich et al. (2014) , these two bodies were of identical composition and most likely separated in past either by impact processes, thermal stress, or rotational forces.
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The Košice physical properties are a close match to the other H chondrites (Consolmagno et al., 2006 (Consolmagno et al., , 2008 and H chondrite showers, for example Buzzard Coulee, Grimsby, or Pultusk. Two size-dependent trends can be observed from Fig. 1 and 2 .
Scatter in the bulk and grain density slightly increases with decreasing size. This can be explained by the coarse-grained (~ mm) fabric of the material. It may be also partly affected by fact that relative error in volume measurement is increasing with decreasing sample size as described in Materials and Methods section. Additionally, the larger samples tend to have lower porosity, most likely because they are derived from the more coherent parts of the parent meteoroid.
In general, H chondrite mineralogy (e.g. Urey and Craig, 1953) , oxygen isotope chemistry (Clayton et al., 1991) , formation age (Rb-Sr age of 4.56 Ga, Kaushal and Wetherill, 1969) , and cosmic ray exposure ages (pronounced peak at 8 Ma, Marti and Graf, 1992) , 2010; Kohout et al., 2010; Zolensky et al., 2010) or part of the recently recovered Benešov meteorite consisting of both H and E chondrite clasts (Spurný et al., 2012) .
Additionally, the orbit of Příbram H5 meteorite parent meteoroid (Ceplecha, 1961) closely resembles that of Neuschwanstein EL6 meteorite parent meteoroid (Spurný et al., 2003) what may be caused by a stream of heterogeneous meteoroids directing various types of meteoritic material towards the Earth (Kornoš et al., 2008) ; possibly caused by tidal disruption of a near-Earth rubble pile asteroid in the close vicinity of Earth (Tóth et al., 2011) . However, no evidence for such polymict breccia is observed in the Košice meteorite shower.
Conclusions
The individual samples of the Košice meteorite shower seem to be homogeneous down to ~ g scale. Their physical properties are similar to other H chondrites. Based on the uniform narrow distribution of grain density and magnetic susceptibility, we can conclude that all studied meteorites are of the same H chondrite composition and are similar to other H chondrites. No foreign (non-H) clasts were detected. This makes Košice a homogeneous fall derived from a homogeneous parent meteoroid. In the case of binary nature of Košice meteoroid, both components are indistinguishable in composition and were most likely mechanically broken apart in past from a single body.
The scatter in bulk and grain density is slightly increasing with decreasing size, most likely due to the coarse-grained (~ mm) fabric of the material. The larger samples tend to have lower porosity, most likely because they are derived from more coherent parts of the parent meteoroid.
Acknowledgements
We would like to thank Oskar Öflund foundation for travel support. Borovička, J., Tóth, J., Igaz, A., Spurný, P., Kalenda, P., Haloda, J., Svoreň, J., Kornoš, L., 
